The Diluted Magqetic Semiconductors (DMS), i.e. the 11-VI, 11-V or IV-VI group semiconductors with substitutional magnetic ions, have been subjected to many studies in recent years [I] . The mapetic properties of the Mn-based DMS are quite well understood on the basis of localized spins coupled with long range antiferromagnetic (AF) interactions [2] . This situation is somewhat different in the rather unexplored Fe-type DMS, where Fe2+ possesses both spin and orbital momenta. Recently some attempts were made to understand the magnetic behavior of these systems, indicating ~e~+ -F e~+ interactions analogous to the Mn situation [3] . In this paper we report the a.c. susceptibility and specific heat of Znl-,Fe,Se with 0.01 < a: < 0.25, at tempe~atures below 20 K. FIR spectroscopy on these systems has been performed to study the energy levels of the Fe2" ions. We will interpret these results and earlier high-temperature susceptibility data on the basis of one model, resulting in a fair agreement with all the data.
The low temperature a.c. susceptibility was measured with a conventional mutual inductance bridge.
For the crystal with x = 0.207 we observe at Tf= 9 K a well pronounced maximum in xac probably due to spin-glass formation; see inset figure 1. For x = 0.144 a transition seems to appear at T' E 2 K. If we interpret the observed anomalies as a spinglass freezing we are able to estimate the range of the interaction between the Fe ions, see figure 2. Assuming J -Run yields n 21 12 which is a much faster decay than observed in wide gap Mn-type materials, where n = 6.8 has been reported [2] . We will return to this point later.
The specific heat data were obtained with an adiabatic heat-pulse calorimeter in the temperature range ing energy level scheme of the Fe-pair is not significantly diflferent from the single-ion case. The ground state (A1) is still singlet and the magnetic field dependence is very small, although the splitting between ground and first excited state is somewhat reduced. The relevant magnetic properties of the system can be calculated in the so-called pair-approzirnation, which has been ~;uccessfully applied to describe the behavior of Mn-type DMS [2] . For the spin-orbit parameter X we inserted the value obtained from FIR spectroscopy at T = 1.5 K on low concentrated ZnFeSe crystals.
The optical transitions -4l-Tl and A1 -T2 have been detected yielding X = -97 cm-l, if we adapt A = 2930 cm-' for the crystal-field parameter according to Mahoney et al. [4] . For the functional form of the interaction a power law behavior J (R) = J N N R -~ is assumed, with J N N = -~~ K provided by recent high temperature susceptibility data [5] . Some resulting theoretical curves for the specific heat are shown in figure 3 . It is obvious that the pair-approximation is only applicable for low Fe concentrations. In that regime one can notice that the additional AF interaction improves the description of the data. This is also supported by high-field magnetization and high-temperature suscep tibility data [5] , where a fair agreement with the data can be obtdned. The results for the susceptibility are illustrated in figure 1.
Finally we would like to comment on the range of the interaction, as probed by Tt (x) . This is based on scaling laws where Tf is related to the interaction energy at an average distance R : kBTf=J (R) S (S + 1) .
In the Fe system we are dealing with a singlet ground state, at low temperatures leading to a suppression of the interaction energy. In fact, the energy should be written as J (R) ( S1.S2 ) . We calculated this energy for a simple Fe2+-like system, by adding DS:
and E/2 (52 -s:) terms in a Hamiltonian for coupled isotropic S = 2 ions, see inset figure 2. By inserting the radial dependence of the Mn-based wide gap materials (J -R-n, n = 6.8), the reduction of (S1.S2) yields a virtual range of n N 13.5 (see Fig. 2 ) which is very close to the observed range.
